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IN importance as a carrier of diseases transmissible to man, the rat, 
amongst lower animals, is comparable with the house fly and latrine 
fly amongst insects. A constant and close associate with man, the 
rat feeds on human refuse of all kinds, on that of domestic animals 
which man maintains, and on food stuffs stored for the use of both. 

1 Read at the Oongress of the Royal Sanitary Institute, at Newcastle-on-Tyne, on the 29th 
July 1919. 
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Because of the nature of much of their food, and l1ecause of the 
circumstances of ~heir feeding grounds, rats are very liable to various 
infections; their gregarious mode of life, their fighting propensities 
and cannibalistic habits, and their heavy infestation by blood-sucking 
insect parasites, such as the rat flea (Ceratophyllus fasciatus) and the 
rat louse (Hcematopinus spinulosus), are factors which together ensure 
the wide dissemination of any infective diseases amongst them. 
Circumstances being thus very favourable to the spread of infection 
amongst rats themselves, their opportunities for disseminating 
disease amongst other species, by contamination of food with excreta, 
are limited only by the range of their feeding grounds. 

Exposed as it is to serious visitation by infective diseases, the rat 
has, nevertheless, been able to establish itself in enormous numbers 
wherever human habitation and human work have provided the food 
necessary for successful colonisation. The vigorous survival of the 
species under apparently unfavourable circumstances as regards the 
prevalence of infective diseases has been due to two circumstances
the extraordinary fecundity of the female, and an environment which 
usually, because of the close association of the rat with man, is 
comparatively free from those wild species to which, otherwise, the 
rat would be a prey. It would seem, indeed, that the rapid 
fecundity of rats and their artificial protection against depopulation 
by natural enemies have had the effect of completely nullifying 
infective disease as an adverse factor in the struggle of the species 
for existence. A locality becomes overcrowded by rats, infective 
disease, . as rat plague, breaks out, and a heavy mortality results. 
Then, whilst the loss of life is, by reason of the fecundity of the 
species, being rapidly replaced, a certain abundance of food after 
the destruction of a large proportion of the rats in a particular 
locality attracts the immigration of fresh rats, and so congestion of 
the rat popUlation in neighbouring districts is relieved. Further 
than this, the frequency of infective disease probably results, under 
the conditions of rapid reproduction, in the acquirement of hereditary 
immunity in ·various directions. The loss of life caused by an out
break of infective disease is replaced quickly by selective breeding 
amongst individuals who, having survived the epidemic, may be 
regarded as being specially resistant to infection. It is probable 
that hereditary immunity, thus gradually acquired, is the explana
tion of the fact that a high proportion of apparently healthy rats are 
carriers of one or other of three species of protozoan parasites, 
without suffering any obvious injury from the infestation. Thus, 
amongst a series of ninety-eight brown rats, (Mus decumanus) caught 
in London, which were examined during the summer and autumn of 
last year, there were forty-oQe carriers of Trypanosoma lewisi, three 
carriers of Spirochceta icterohcemorrhagice, and one rat which carried 
both parasites. Of the three parasites in question-Trypanosoma 
lewisi, Sp. icterohcemorrhagice, and Sp. morsus muris-the first has 
never been found as a natural parasite of any species except the rat, 
and under the conditions of artificial inoculation shows very little 
pathogenic activity for other animals, although a certain proportion 
of mice and other small rodents may be infected successfully 
(Roudsky, Delanoe). The two other parasites of the apparently 
healthy rat are respectively the causes of \Veil's disease, or 
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spirochetal jaundice, and rat-bite fever in man. Both spirochetes 
are actively pathogenic for the guinea-pig on artificial inoculation, 
and the first of the two is a cause of jaundice in the dog. 

Whilst Trypanosoma lewisi, therefore, has not any direct interest 
in connection with our consideration of the infective diseases 
<:ommon to the rat and other species; it has nevertheless a special 
interest in illustration of the facility with which infection tends to 
spread amongst rats. When a rat becomes infected with Tr. lewisi 
the parasite appears in the blood within about six days, swarms in 
the blood in enormous numbers for five or six weeks, and then 
gradually dies out. The trypanosomes may be transmitted experi
mentally to the rat in a number of ways-by injecting a drop of 
blood from an infected rat, by adding a little of the blood to food, 
or by applying blood to the abraded skin. The infection is also 
transmitted very readily from rat to rat by the agency of the rat 
flea. It is highly probable that the parasite escapes through the 
kidneys with the urine, although, so far as I know, this has not 
actually been demonstrated. 

The proportion of infected rats in different parts of the world 
varies from about 25 per cent. to about 65 per cent., and the 
prevalence of infection shows marked seasonal variation. In 
Bombay it has been found that during the months of March and 
April the percentages were 16'3 for Mus rattus and 6'5 for M. 
decumanus, ';Vhereas during the month of A ugust the percentages 
were respectively 63'3 and 54'5 (Petrie and Avari). In Manilla the 
percentages varied between 20 and 65 (Musgrave and Clegg); in 
Petrograd 58 per cent. of the rats examined during the summer 
were infected and 33 per cent. of those examined during the winter 
(Yakimoff and Schiller); and in a district in France 34 per cent. of 
M. decumanus and 7 per cent. of M. rattus were found to be 
infected (Biot). In my own investigation of London rats, examined 
during the four months August to November, altogether 36'6 per 
cent. were found to be infected, taking both species together. 

Apart from the spirochetal infections, which will be referred to 
again, the diseases of rats which are of special interest in relation to 
disease of man and other species include three bacterial infections
rat tuberculosis, a form of bacillary pseudotuberculosis, and plague 
-and a form of worm-infestation, trichiniasis. 

Rat Tuberculosis. 

Tuberculosis of the rat, sometimes termed rat-leprosy, is a chronic 
infective process which, affecting the skin and subcutaneous tissue 
and sometimes the lymphatic glands, is caused by an acid-fast 
species of streptothrix. In this form of tuberculosis the infective 
process extends by direct continuity of tissue along the skin and 
underlying connective tissue, and there is not any liability to 
generalisation of the infection. About 5 per cent. of rats specially 
examined in Odessa were found to have the disease (Stefansky), 
about the same proportion of rats examined in Berlin (Rabinowitch), 
and Dean and others have described the disease amongst rats in 
England. The exact relationship between rat tuberculosis and 
forms of tuberculosis amongst other animals is uncertain; but, 
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speaking generally, the rat infection resembles avain tuberculosis 
more closely than any other variety. In the limitation of infection 
to particular tracts of tissue, as well as in its low pathogenicity 
for the ordinary lab<?ratory test animals, the rat streptothrix also 
presents certain points of resem blance to the acid-fast bacillus \\ hich 
has been isolated from the intestinal infection of cattle which is 
known under the name of Johne's disease, and which is probably 
closely related to, if not identical with, the avian strain of bacillus. 
It may be noted that the rat shows a high degree of immunity 
against the parasite causing the common form of human tuberculosis. 
I have fed numbers of rats with large quantities of highly infected 
sputum from cases of pulmonary tuberculosis without any result. 
Subcutaneous inoculation of the rat with human tuberculous material 
also gives only negative results in most cases; but in a few instances 
I have been able to produce a few subcutaneous tubercles in white 
rats, which showed on section a dense massing of the acid-fast 
organisms, with an effect very similar to that seen in the natural 
tuberculosis. ' 

Pseudotuberculosis of the Rat. 

A disease which is termed, for want· of a better name, pseudo
tuberculosis of the rat is the result of infection by a bacillus 
resembling some of those included in the Colon-G~rtner group. 
The disease is highly infective, and spreads widely when introduced 
amongst laboratory stock animals other than the rat. My own 
experience of the disease amongst rats is limited to three outbreaks, 
two of which occurred amongst laboratory stock white rats, and the 
third amongst trench rats in France during the war. In this last 
outbreak, which occurred in 1916, a considerable number of rats in 
a particular section of trenches became infected; but I was able to 
make a bacteriological examination of two animals only. From the 
nodules in the lungs of each of these rats a bacillus was isolated 
which was identical with the bacillu's which bad been isolated from 
several rats in each of the two laboratory outbreaks, and which on 
inoculation into the guinea-pig causes an infection characteri~cd by 
nodular caseating lesions. In tbe disease as it occurs naturally in 
the rat the lesions bave been found, so far as my own experience goes, 
chiefly in the lungs, the normal tissue of wbich becomes infiltrated 
by conglomerate masses of largish, white nodules or tubercles, to 
such an extent that usually when death occurs tbe only lung tissue 
available for respiratory purposes is a small portion at the apex of 
each anterior lobe. Whilst tbe infection is transmissible to the 
guinea-pig by experimental inoculation, a similar disease, with 
characteristic nodular lesions, occurs spontaneomly amongst 
laboratory stock guinea-pigs, and to a less extent amongst rabbits. 
In these animals abdominal lesions are more prominent tban pul
monary ones, numerous nodules being found in the liver and spleen 
after death, and comparatively few in tbe lungs, In early cases of 
the disease in guinea-pigs extensive caseation of the mesenteric 
glands is found, and tbere is not any doubt but that in these 
spontaneous outbreaks the infection is spread by means of food. A 
similar bacillary pseudotuberculosis has been described as occurring 
amongst poultry (Nocard) and amongst cattle (Courmont), and a 
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disease characterised by caseating nodules of a like kind has been 
observed in the pig and the sheep. In the cases of the last two 
animals, whilst a tuberculosis due to infection by an acid-fast organism 
of the type of Koch's bacillus may be excluded, the exact causative 
parasite has not been identified. 

Rat Plague. 

The broad facts as to the association of epidemic prevalence of 
bubonic plague in man with rat plague are well known; a pre
liminary prevalence of infection amongst rat's and mice appears to 
be an invariable precedent to any serious human epidemic. The 
degree of prevalence amongst the lower animals in these epizootic 
outbreaks is shown in the following figures, given by J. Ashburton 
Thompson, obtained during the twelve months of 1905 when plague 
was prevalent in New South Wales:-

Species. 

Mus decumas 
Mus rattus . 
Mus musculus 

Total number 
exalr, inea. 

11,383 
5,681 

14,83 1 

Percentage of 
Number found to infected animals to 

be infected. total number 
examined. 

78 "79 
45 '88 
IS '13 

The percentage figures given were practically the same as those 
ascertained in each of four previous outbreaks in New South Wales. 

Following prevalence of plague amongst rats, cases of bubonic 
plague occur in man, and then cases of pneumonic plague which,. 
it is believed commonly, result from the direct transmission of 
infection from man to man. But when we come to look closely 
into the matter we find that, in spite of all the investigations which 
have been carried out, we have very little exact information as to 
the route by which infection usually reaches man from the rat. We 
may assume that the bubonic type of plague in man' results from 
skin infection, whether after inoculation by flea bites, or by contact 
of abraded skin with infected' dust and dirt. There could not be 
any doubt as to the dissemination of plague infection amongst men 
and amongst rats by their respective flea parasites; there is very 
considerable doubt as to the exact importance of rat fleas in the 
transmission of infection from the rat to man, On the other hand, 
it is obvious that with plague prevalent amongst rats and mice of 
a locality the opportunities for an indirect transmission of infection 
by means of infected food and dust must be very frequent, by means 
of the latter especially amongst bare-footed Asiatics. Pneumonic 
plague is usually regarded as representing a direct infection of the 
lungs, resulting from inhalation of plague bacilli contained in small 
particles of sputum given off when a patient coughs; but probably 
the pneumonia of plague is usually secondary to a general blood 
infection resulting from swallowing plague bacilli, and not usually 
from inhaling them into the lungs. The pneumonic type of plague, 
therefore, is quite as likely to be caused by contaminated food as it 
is to be caused by direct inhalation. Apart from the alleged 
outbreaks of plague in Suffolk, there is not any evidence that the 
rat has had any influence in the one or two small and localised out-
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breaks of bubonic plague which have been caused by the importation 
of cases of human plague into this country during the last twenty 
years. In these instances it would appear to be probable that any 
spread of infection has been by human channels, a fact which, as it 
is scarce necessary to explain, does not affect the general question 
of the importance of the rat in the causation of typical epidemics. 

The outbreaks of alleged pneumonic plague which have been 
recorded as having occurred in Suffolk require special consideration. 
It is unfortunate that a careful review of the evidence published in 
the report on the first of the Suffolk outbreaks leaves some doubt 
in the mind of the bacteriologist as to the validity of the laboratory 
evidence that Bacillus pestis was in fact positively identified. And 
in this connection it is worth while to mention that shortly before 
the first Suffolk outbreak I had occasion to investigate an outbreak 
of illness which carried off, within a few days, an entire stock of 
about thirty previously healthy guinea-pigs kept in an outhouse 
which was over-run by rats, in a country district in the south of 
England. The epidemic amongst the guinea-pigs was caused by 
a bacillus of the so-called h~morrhagic septic~mia group, and 
resembled Bacillus pestis in some respects, showing very distinct 
bipolar staining, and not staining by Gram's method. It was 
highly virulent for the guinea-pig, and many of those inoculated 
experimentally died with a pneumonia. But neither in its effects 
otherwise on experimental animals, nor on its cultural characteristics, 
did the bacillus conform with the typical Bacillus pestis .. Several of 
the guinea-pigs which were infected naturally showed pneumonia 
after death, and there was no dQubt but that the organism was one 
of a fairly common group which is met with from time to time in 
outbreaks of disease of a septica:mic type amongst lower animals. 
No published information is yet available as to the outbreak which 
occurred in Suffolk last year; but it is believed that the only two 
cases of human disease which occurred were, again, of a pneumonic 
type. 

It appears to be likely that the rat may also play an important 
part in keeping the virus of plague alive through the winter in 

. temperate climates. \Vhen plague has appeared with truly epidemic 
prevalence in temperate climates, it has been observed usually that 
the disease tends to disappear from amongst men as the cold 
weather comes on, reappearing with the warm weather of the next 
year. It is supposed, reasonably enough, that this temporary dis
appearance of human plague is due to the fact that the low tempera
ture checks the viability of the bacillus, which is quite unable to 
multiply at the atmospheric temperatures prevailing during the 
winter months. Also, since apparently the bacillus cannot exist as 
a saprophyte for more than a short time, it has been difficult to 
explain the recrudescence of the disease with the warm weather 
in the absence of freshly imported cases. Whilst, however, the 
atmospheric temperature during the winter in temperate climates 
provides an effective check on the spread of plague infection 
amongst men aboveground, it may be otherwise in the underground 
haunts of the rat, so that infection persists there until the rise in 
atmospheric temperature favours again the viability of Bacillus 
pestis at the surface. 
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Spirochetal Jaundice. 

So much has been written recently in connection with the two 
diseases-Weil's disease, or spirochetal jaundice, and rat-bite fever 
-which are transmitted to man from the apparently healthy rat 
that but little need be said now. Weil's diseast: has been recognised 
for many years as a special form of infective jaundice, the more 
severe cases of which show a strong resemblance, from the clinical 
point of view, to yellow fever which itself probably represents a 
spirochetal infection. The cause of Weil's disease was unknown 
until 1915, when a group of Japanese pathologists (Inada, Ido, Hoki, 
Kaneko, and Ito ) discovered a protozoan parasite-a spirochete
in several cases, and found that a similar disease could be set up in 
the guinea-pig by inoculation with material containing the spiro
chete. They next found that apparently healthy rats (M. rattus 
and M. decumanus) were carriers of the spirochete, and that a 
spirochetal jaundice could be caused in the guinea-pig by inoculating 
it with an emulsion of the kidneys of an infected rat. The spiro
chete is not to be found as a rule in the rat's blood, but is present 
in the kidney and in the urine. Since 19 I 5 it has been ascertained 
that rat carriers of the spirochete have a very wide geographical 
distribution, and as already stated it has been found in four out of 
ninety-eight London rats examined. The following figures show 
the percentage of carriers detected amongst rats examined 111 

different parts of the world:-

Locality. 

Japan . 
Flanders 
France. 

" New York 
Tunis . 
Algiers 
Barcelona 
London 

Percentage of Carrier Rats. 

4°'2 
40 

(I in 12 examined) 
10 

5 (at least) 
20 

3 (about) 
85 

4 

Recorded by. 

Ido, Hoki, Ito, and \Vani 
Stokes, Ryle, and Tytler 
Martin and Pettit 
Courmont and Durand 
Noguchi 
Nicolle and Lebailly 
Lheritier 
Dalmau and Balta 
Foulerton 

Whilst Weil's disease appears to be endemic, and of fairly 
frequent occurrence in Japan, it has not been recorded often in this 
country; but it is possible that mild cases of the disease have 
passed unrecognised as cases of infective, or catarrhal, jaundice of 
unknown causation. Cases of Weil's disease have been recorded 
also in the United States, in Germany, and elsewhere. A con
siderable number of cases of spirochetal jaundice were identified 
during the war amongst the troops on both ,sides of the western 
front, where infestation of the trenches by rats afforded sufficient 
explanation of the prevalence of the disease. The infection is trans
mitted readily to the guinea-pig and to the dog by means of 
inoculation, either subcutaneously or by bringing infected material 
into contact with broken skin, and by mixing infected material with 
the food. In Japan the disease is specially prevalent amongst the 
workers in certain damp coal mines and amongst those who work 
in drains, and J a,panese investigators believe that infection of man 
may be caused by passage of the spirochete through unbroken skin. 
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It is quite certain, however, that infection can be transmitted by 
means of food also, and it would appear to be probable that it was 
in this way that the disease spread in the rat-infested trenches. 
during the war. A single case in which it appeared to be highly 
probable that a man became infected through a dog which was. 
suffering from jaundice has been recorded (Krumbein and Frieling). 

Spirochetal Rat-bite Fever. 

The rat being a dirty feeder, its bite is often followed by septic 
infection of one kind or another; but a "pecific infection, rat-bite 
fever, with characteristic clinical symptoms, has attracted special 
attention from time to time. Regarded clinically rat-bite fever has. 
certain points of resemblance to both relapsing fever, which is 
caused by a different species of spirochete, and to the disease 
recognised during the war under the name of Trench Fever, the 
cause of which is still unknown but is probably some species of 
protozoal parasite. In 1916 it was discovered, again by Japanese 
pathologists (Futaki, Takaki, Tanaguchi, and Osumi), that the 
cause of rat-bite fever was a species of spirochete (Sp. morsus muris), 
which was carried by about 3 per cent. of apparently healthy house 
rats examined in Japan. If an infected rat is made to bite a guinea
pig in the foot an illness, which resembles rat"bite fever in man. 
follows after an incubation period of from ten to twenty-one days, 
and terminates fatally within three weeks. The spirochete found 
in the guinea-pig in fatal cases is identical with that which has been 
identified in cases of human rat-bite fever, and inoculation of the 
guinea-pig with material from a human case produces a disease 
which is identical with that caused by a rat-bite. Rat-bite fever 
in man is a relatively mild disease, and the infection is rarely, if ever, 
fatal in uncomplicated cases. In considering the relatively few 
cases of rat-bi.te fever which have been recorded, it must be remem
bered that in the absence of a recognised rat-bite the identification 
of the infection would be difficult. From what we know of other 
diseases caused by allied species of parasites it is probable that the 
infection is also transmissible by contaminated food, and it is 
probahle that this disease, like spirochetal jaundice, is more common 
than the actual number of cases of fever following rat-bites which 

• have been recorded would indicate. It was mentioned that a single 
case of spirochetal jaundice caused by infection through the dog 
has been recorded; a typical case of rat-bite fever in a child which 
had been bitten by a cat which had been playing with a dead rat 
a short time previously has been recorded by A. G. Atkinson, and 
J. H. Nixon recorded a similar case in a boy who was bitten by a 
ferret whilst ratting. 

Trichiniasis .. 
Investigations carried out in countries-the lJ nited States and 

North Germany-in which trichiniasis is specially prevalent in man 
suggest that the rat must playa very important part in spreading 
the disease amongst pigs, through whom the disease is transmitted 
to man. The proportion of rats found to be infested by Trichina 
spiralis has been surprisingly high in some localities. Heller, in 
investigations conducted in Saxony, Bavaria, and Wurtemberg, 
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found that 21'1 per cent. of the rats which were caught in knackers' 
yards were infested, between 2 and 3 per cent. of those caught in 
abattoirs, and about '3 per cent. of those caught elsewhere. As the 
result of an investigation of rats caught in Boston, U.S.A., Billings 
states that 76 per cent. caught in a knacker's yard were infested, and 
100 per cent. of the rats caught in a large abattoir, whilst 10 per 
cent. of the town rats generally were infested. Genersich found that 
IS per cent. of the rats which he examined in Hungary were in
fested, and Goujou found five infested rats, or 7 per cent., amongst 
seventy-two Paris sewer rats. The only information that I know of 
with regard to rats in this country is supplied by a statement that 
3 per cent. of the 'rats caught in the municipal abattoir at Glasgow 
were found to be infested. 

With regard to the transmission of trichina from the rat to the 
pig, a misleading stat.ement is made in several text-books. On the 
assumption that an alternation of hosts is necessary for the full cycle 
of development of trichina, as for many other worm parasites, it is 
stated that the pig must eat a dead rat in order to become infested. 
It is common knowledge, however, that the female trichina spiralis 
is viviparous, and discharges enormous numbers of active embryos 
into the intestine of its host. Some of these embryos penetrate the 
wall of the gut and migrate to the striated muscle tissue, where they 
become encysted, whilst others are discharged with the f<eces. 
Transmission of the parasite by means of food which has been 
contaminated by excreta occurs, therefore, readily enough; and the 
embryos will be distributed freely by rats frequenting pigstyes in 
their search for food. 

In these remarks on the part played by rats in the transmission 
of disease only those diseases have been mentioned which may be 
supposed to originate specially from, and to be carried by, the rat 
itself. It is not suggested that the potentiality of the ~at as a carrier 
of disease is thus limited. There is scarcely any known pathogenic 
parasite which can survive for a short time in the intestine of the 
rat which may not occasionally be' transmitted by this agency to 
man or lower animals, and especially, if so transmissible, through 
contaminated food as a medium. 
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